A cytoplasmic polyhedrosis virus (CPV) isolated from larvae of Arctia caja contained at least 12 RNA segments when these were fractionated by polyacrylamide gel electrophoresis. When the virus RNA was compared with RNA isolated from Nymphalis io CPV and from Spodoptera exempta CPV, it appeared that A. caja CPV could be interpreted as a mixture of these two viruses. The structural polypeptides of virus particles of A. caja CPV also resembled a mixture of proteins derived from the other two virus types, but two classes of particles were not separated by size or density measurements. Virus particles of S. exempta CPV and N. io CPV were unrelated serologically using antisera that did not react with double-stranded RNA. Particles of A. caja CPV were resolved into two fractions using the antiserum specific for S. exempta CPV; particles containing RNA segments characteristic of S. exempta CPV and particles containing RNA segments characteristic of N. io CPV. This confirmed that the A. caja CPV isolate was a naturally-occurring mixture of two virus types.
INTRODUCTION
Many isolates of cytoplasmic polyhedrosis viruses (CPVs) have been reported (Aruga & Tanada, I97I) . However, biochemical information, which would enable the viruses to be identified, is available for only three of these isolates (Fujii-Kawata, Miura & Fuke, I97o; Lewandowski & Traynor, 1972; Hayashi & Krywienczyk, 1972; Payne & Tinsley, 1974; Payne & Kalmakoff, 1975a) . Analyses of the RNA genome segments of the CPVs ofBombyx mori and Nymphalis io have shown IO pieces of double-stranded RNA (dsRNA), present in equimolar amounts, with a total mol. wt. of approx. 15 × lO 8 (Fujii-Kawata et aL 197o; Payne & Tinsley, I974) . In contrast, the CPV from Malacasoma disstria was shown to contain I6 segments of dsRNA with an estimated mol. wt. of 2o × io 6 (Hayashi & Krywienczyk, I972). However, these workers did not consider the possibility that the large number of RNA segments in M. disstria CPV resulted from a mixture of two distinct viruses.
In the work described here a CPV isolate from Arctia caja was observed to contain at least i2 segments of RNA. The properties of this virus isolate have been compared with CPVs from Nymphalis io and Spodoptera exempta which, together, have RNA segments resembling those of .4. caja CPV. c.c 
. PAYNE METHODS

Viruses.
A CPV from Arctia caja was first reported by Smith & Wyckoff (I95o) . Polyhedra (from naturally-infected larvae of A. caja) stored in the original A.R.C. Virus Research Unit collection (now held in this laboratory) were used to infect laboratoryreared larvae of A. caja. Spodoptera exempta CPV was isolated in our laboratory from a culture of S. exempta larvae. Nymphalis io and Bombyx mori CPVs have been described previously (Payne & Tinsley, 1974) .
Purification of polyhedra and virus particles. Polyhedra of all CPVs were purified by a modification of an earlier method (Payne & Tinsley, 1974) . o.I % sodium dodecyl sulphate (SDS) was used in place of sodium deoxycholate, as SDS was found to be more efficient in preventing aggregation of polyhedra during purification.
Virus particles were isolated from polyhedra by treating them with o.2 M-Na2COa: NaHCO~, pH Io.8, for various times. Virus particles were obtained by dissolving Nymphalis io CPV polyhedra for 3 min (Payne & Tinsley, I974) , whereas a period of I5 min was required for Spodoptera exempta CPV. Polyhedra of Arctia caja CPV were also dissolved for I5 min. After the specified times, an equal volume of distilled water was added to each sample, and undissolved polyhedra were removed by centrifuging at 4ooog for 5 min. Virus particles in the supernatant fluid were purified by centrifuging on Io to 5o % (w/v) sucrose gradients at 49 ooog for 1 h (Payne & Tinsley, I974) . 'Non-occluded' virus particles of A. caja CPV were prepared by the method of Payne & Kalmakoff 0975a). Particles of this type had not been occluded within polyhedra.
Polyhedra of N. io and S. exernpta CPVs labelled with [3H]-uridine were purified from infected larvae that had been fed with the radioisotope from day ~ until day 7 after infection (Payne & Kalmakoff, 1975a) . Virus particles were extracted from these polyhedra as described above.
Polyacrylamide gel electrophoresis. Samples of RNA were extracted from polyhedra or virus particles and electrophoresed on 3 % polyacrylamide gels as previously described (Payne & Tinsley, r974) . Molar proportion measurements were made from gels scanned at 26o nm. Other gels were stained with o.2 % methylene blue in 6 % acetic acid and destained by repeated changes of distilled water. These gels were photographed or scanned at 6oo nm. Mol. wt. of the RNA molecules were calculated by comparison with the RNA components of Bombyx rnori CPV (Fujii-Kawata et aL I97o).
Mol. wt. of the structural polypeptides of viruses were measured on 7 % SDS-polyacrylamide gels as described by Payne (I974), although urea was omitted from the gel buffer. Samples of virus particles were dissolved in 1% SDS, 1% 2-mercaptoethanol (z-ME), o.1 M-sodium phosphate, pH 7'8, Io % sucrose, by boiling at Ioo °C for 2 min before electrophoresis. The concentrations of SDS and a-ME were increased to 5 % for samples of polyhedra, to reduce the extensive polymerization of the major polypeptide of Nymphalis io CPV (Payne & Tinsley, 1974) .
Production of antisera to CPV particles. Antisera were prepared in rabbits to particles of Nymphalis io and Spodoptera exempta CPVs. Three I ml samples of virus particles (2oo #g/ml) in emulsified Freund's complete adjuvant were injected intramuscularly at weekly intervals. Control serum was obtained before the first injection and antiserum was collected 3 weeks after the final injection. All sera were stored at -2o °C without preservatives.
Radioimmunoassays for dsRNA and virus particles. A radioimmunoassay procedure described by Payne & Kalmakoff 0975b) was used to measure the reactions of virus particle antisera with dsRNA and with homologous and heterologous virus particle antigens. Radioactive antigens were incubated with appropriate antiserum dilutions in phosphate buffered saline (PBS; I ml final vol.) for z h at 37 °C. Any immune complexes were filtered onto Whatman GF A glass fibre discs, washed with 2o ml PBS, dried, and assayed for radioactivity in a liquid scintillation spectrometer. The amount of radioactivity bound by the antiserum was compared with the radioactivity bound by control serum under the same incubation conditions.
The antigens used in these experiments were: (a) dsRNA extracted from Spodoptera exempta CPV polyhedra labelled with [3H]-uridine and purified by hydroxyapatite chromatography (Kalmakoff & Payne, 1973) All radioimmunoassays were carried out in duplicate and the results are expressed as an average.
Absorption of virus particle antisera with poly rI: rC. Antibodies to dsRNA were absorbed from antisera prepared to virus particles using the artificial dsRNA poly rI:rC (Miles Laboratories, Elkhart, Indiana) at Ioo #g in I ml PBS. The mixture was incubated at 37 °C for a h and then centrifuged at 4ooog for lO rain. The supernatant fluid was absorbed twice more with IOO/~g amounts of poly rI:rC. After the last absorption the serum had been diluted 1:8.
RESULTS
The RIgA components ofArctia caja CPV When RNA was extracted from polyhedra or 'non-occluded' virus particles of A. caja CPV, at least I2 bands were resolved on 3 ~ polyacrylamide gels (Fig. I) . Bands 5 to 8, and Io were minor components in the RNA extracted from polyhedra ( Fig. I b) , but were present in greater quantity in RNA from 'non-occluded' virus particles (Fig. I a) . Bands 5, 6, 7, 8 and Io" were always present in equimolar' amounts, and bands 4, 9, lI and 12 were also present in equimolar amounts. However, the proportions of one group of bands to the other varied, depending upon whether the RNA was extracted from polyhedra or non-occluded particles. This result was consistent with the hypothesis that two virus types were present, but in varying quantities.
Additional circumstantial evidence to support this hypothesis came from an examination of the RNA segments of Nymphalis io and Spodoptera exempta CPVs. N. io CPV RNA was fractionated into 9 bands ( When Arctia caja CPV RNA was electrophoresed in parallel with Nymphalis io and Spodoptera exempta CPV RNAs (Fig. 2b, c) the components of A. caja CPV RNA had the same mobilities as bands present in the other virus RNAs. In fact, the RNA components from polyhedra of A. caja CPV (Fig. 2 c) could be interpreted as a mixture in which a virus of the S. exempta CPV type formed the major part. An RNA profile, in which the proportions Properties of a CPV complex 36I were almost completely reversed was observed in one batch of 'non-occluded' virus particles (Fig. 2b ). This would arise if proportionately fewer virus particles of the N. io CPV type are occluded within A. caja CPV polyhedra. Thus, this analysis of the RNA components suggested that A. caja CPV might be a mixture of viruses of the N. io and S. exempta CPV types. Artificial mixtures of the latter viruses gave RNA profiles similar to those shown in Fig. 2(b) and (c). In subsequent experiments, tests were carried out to determine whether other properties of A. caja CPV were consistent with this hypothesis.
The structural proteins of Arctia caja, Nymphalis io
and Spodoptera exempta CP Vs When samples of polyhedra of A. caja, N. io and S. exempta CPVs were dissolved in 5 ~ SDS, 5 ~ z-ME, at least four polypeptides were consistently resolved on 7 ~ gels (Fig. 3, Table 2 ). The polypeptides of polyhedra of A. caja and S. exempta CPVs were of similar mol. wt, and were distinguishable from the proteins of N. io CPV polyhedra. In particular, the major protein of the polyhedra ('polyhedral protein') of A. caja CPV and S. exempta CPV had a mol. wt. of approx. 29ooo compared with the value of 37ooo measured for the same component of N. io CPV polyhedra.
In contrast, the structural polypeptides of A. caja CPV particles closely resembled a mixture of polypeptides derived from the other two virus types (Fig. 4, Table z ) as well as artificial mixtures of these viruses. This was true both for virus particles extracted from polyhedra, and for 'non-occluded' virus. The apparent contradiction that polypeptides similar in tool. wt. to those of N. io CPV are absent from polyhedra of A. caja CPV, but are present in virus particles extracted from polyhedra, is discussed later.
The polypeptide profile of virus particles of N. io CPV was similar to that reported previously (PaYne & Tinsley, I974) with the exception that the minor component (polypeptide 3) was not observed in the earlier study. S. exempta CPV virus particles contained six polypeptides, distinct in mol. wt. from those of N. io CPV, with the possible exception of polypeptide a. Virus particle polypeptides I to 3 were also observed as minor components of the proteins of polyhedra (Fig. 3) . As with other CPVs, there was some relationship between the coding capacity of the individual RNA segments of S. exempta CPV and the sizes of the virus structural proteins (Table 3 ; Lewandowski & Traynor, I972; Payne & Tinsley, ~974; Payne & Kalmakoff, I975a). However, the relationship was not precise, as the tool. wt. of virus particle polypeptides 4 and 6 did not allow them to be assigned to any particular RNA segment. These may represent cleavage products of larger precursor proteins.
Physical properties of Arctia caja CPV particles
The results from the analyses of both the structural polypeptides and RNA components of virus particles of A. caja were consistent with the hypothesis that the virus was a naturally-occurring mixture of two virus types. However, conclusive evidence could only come from a separation of the two fractions of the mixture.
When virus particles of A. caja CPV were examined in the electron microscope only one size class of particle was observed, measuring 45 to 5o nm, and exhibiting a characteristic CPV morphology with projections, or 'spikes' at the vertices of the particles.
( Fig. 5 ; Lewandowski & Traynor, ~97z) . A single band was present when virus particles were sedimented through a Io to 5o (w/v) sucrose gradient (Fig. 6a) , supporting the observation that all the virus particles were of the same size. In addition, a single band with a density of 1.45 g/ml was observed when virus particles were centrifuged in a CsCI density gradient (Fig. 6b) .
These results indicated that it was not possible to separate two virus types from A. caja CPV by size or density differences. An alternative approach was chosen, in which it was necessary to produce antisera specific for one, or both, of the component viruses before attempting to absorb out one of the virus types from the apparent mixture.
Serological comparison of Spodoptera exempta and Nymphalis io CPVs
Serological relationships between CPVs and other dsRNA viruses are likely to be obscured by non-specific cross-reactions between antisera and dsRNA (Ikegami & Francki, I973; Payne & Kalmakoff, I975b ) . When antisera prepared to virus particles of N. io and S. exempta CPVs were reacted with dsRNA from S. exempta CPV (labelled with [3H]-uridine), a high proportion of the input radioactivity was bound by both antisera (Fig. 7) . As specific antisera were required to each virus type, it was necessary to absorb out the antibodies to dsRNA. This was done using poly rI:rC. Antisera absorbed with 3oo #g poly rI:rC did not react with the viral dsRNA antigen at any of the antisera dilutions tested (Fig. 7) .
Using the absorbed antisera, a serological comparison was made between N. io and S. exempta CPV particles and homologous and heterologous antisera. The reactions shown in Fig. 8 , over a range of antisera dilutions from I:2o to I:4o96o showed that there was no significant cross-reaction between each virus and the heterologous antiserum. This demonstrated that each antiserum was specific for its own virus.
Absorption ofArctia caja CPV virus particles with antisera
to Spodoptera exempta CPV IOO #g of 'non-occluded' A. caja CPV virus particles were mixed in a final volume of o'3 ml with a 1:48 dilution (in PBS) of the antiserum specific for S. exempta CPV. The m i x t u r e was i n c u b a t e d at 37 °C for 2 h, and the precipitate r e c o v e r e d by centrifuging at l o w speed (4ooog for ~o min). T h e s u p e r n a t a n t fluid was a b s o r b e d twice m o r e with an e q u a l vol. o f a n t i s e r u m at the same dilution. N o precipitate was visible at the third a b s o r p t i o n . Virus particles r e m a i n i n g in the final s u p e r n a t a n t fluid were pelleted by centrifuging at high speed (77 ooog, I h). The antigen:antibody precipitates were pooled, resuspended in I ~ SDS in 0"05 M-tris[ HC1, pH 7"4, ~o ~ (w/v) sucrose, and incubated at 60 °C for 30 min to release the viral RNA. The high speed pellet was treated in the same way and the two samples were electrophoresed on 3 ~ polyacrylamide gels.
The results are shown in Fig. 9 -A virus sample that was not treated with antiserum contained the RNA bands characteristic of A. caja CPV (Fig. 9 b) . RNA present in the antigen:antib0dy precipitate (Fig. 9a) contained bands with the same mobilities as components of S. exempta CPV, whereas virus particles which had not precipitated with the antibody (Fig. 9 b) contained RNA only of the N. io CPV type.
DISCUSSION
Studies of the structural components of Arctia caja CPV showed that the virus resembled a mixture of two different CPVs isolated from Nymphalis io and Spodoptera exempta and the serological tests confirmed this. Further studies are now required to examine the biological significance of this naturally-occurring CPV mixture. Both N. io and S. exempta CPVs replicate independently in their hosts, and it is possible that the component virus types of A. caja CPV are also capable of independent replication. On the other hand, the viruses may form a multi-component system in A. caja, in which one or both types are dependent upon some function supplied by the other. In this context, it may be significant that no polypeptide with the properties of N. io CPV polyhedral protein was observed in A. caja CPV polyhedra although virus particles of both types are occluded. It appears that the CPV mixture is entirely dependent upon the other virus type (S. exempta CPV) for the synthesis of polyhedral protein, and hence, for the production of the polyhedra which are important for the successful transmission of virus to other insects. In addition to interactions of this nature, it is possible that one CPV might interfere with the replication of another, different, virus of the same group. Thus the failure to synthesise polyhedral protein of the N. io CPV type may reflect interference between viruses rather than interdependence.
The relative proportions of the RNA components of A. caja CPV in polyhedra and non-occluded virus particles, and the failure to detect proteins of the N. io CPV type in c.c. PAYNE polyhedra, suggested that proportionately fewer virus particles of this type are occluded. However, N. io CPV type polypeptides were present in relatively high concentration in virus particles extracted from A. caja CPV polyhedra (Fig. 4) , after a I5 min exposure to alkali. It is possible that the association between polyhedral protein and virus particles of the N. io CPV type is weaker than with virus particles of S. exempta CPV. This could lead to a more rapid release of N. io type CPV particles from polyhedra, and could explain the increased proportion of N. io CPV type polypeptides in liberated virus particles.
Virus mixtures such as A. caja CPV may provide opportunities for segment reassortment between virus types. However, although the component viruses appear to replicate in the same cell (particles of both types are found occluded within a single type of polyhedral protein), the separation of the two RNA segment profiles by virus antiserum suggest that RNA packaging is a well-controlled process and that segment re-assortment may be uncommon.
Although A. caja CPV appeared to contain more than Io RNA segments, the component viruses do not. Thus, with the exception of Malacosoma disstria CPV (Hayashi & Krywienzyk, 1972) , which may also be a mixture, it appears that CPVs, like reovirus, contain ~o genome segments. Other consistent features are also emerging from a study of the structural properties of CPVs. In Bombyx mori, N. io and S. exempta CPVs the total RNA mol. wt. is approx. I5 × Io 6. Virus particles of all types contain at least two polypeptides of a mol. wt. greater than Iooooo, while the polyhedral protein varies in size from 28ooo to 37 ooo. The virus particles are morphologically similar (Cunningham & Longworth, 1968) and have similar densities (Lewandowski & Traynor, 2972; Payne & Kalmakoff, I975a) . In all cases the different types are most readily distinguished from each other by polyacrylamide gel fractionation of the viral RNA. An initial characterization of CPVs using this method should provide a means of provisionally grouping the large number of reported isolates of these viruses. 
